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LQ WKH 6RXWK &DXFDVXV UHJLRQ DQG EH\RQG ,QIRUPDWLRQ
7HFKQRORJ\ ,7 LV DOVR RQH RI WKH IDVWHVW JURZLQJ LQGXVWULHV RI
WKH$UPHQLDQHFRQRP\>@,QWKH*RYHUQPHQWRI$UPHQLD
UHFRJQL]HG WKH ,7 VHFWRU DV WKH SULPDU\ FRQVWLWXHQW RI WKH
FRXQWU\
VHFRQRPLFSURJUHVV$UPHQLDLVPRUHWKDQHYHULQQHHG
RI FXWWLQJHGJH DQG UHOHYDQW HLQIUDVWUXFWXUHV DQG HVHUYLFHV WR
WDFNOHWRGD\
VVRFLHWDODQGVFLHQWLILFFKDOOHQJHV7KH,QVWLWXWHIRU
,QIRUPDWLFV DQG $XWRPDWLRQ 3UREOHPV ,,$3 RI WKH 1DWLRQDO
$FDGHP\RI6FLHQFHVRIWKH5HSXEOLFRI$UPHQLD1$65$>@LV
WKH RQO\ VWDWH VXSSRUWHG VWUXFWXUH IRU VRIWZDUH KDUGZDUH DQG
EUDLQZDUH WHFKQRORJLHV LQ$UPHQLD 7KH LQVWLWXWH LV UHVSRQVLEOH
IRU $UPHQLD
V 1DWLRQDO UHVHDUFK DQG HGXFDWLRQ QHWZRUN
$FDGHPLF 6FLHQWLILF 5HVHDUFK &RPSXWHU 1HWZRUN RI $UPHQLD
$61(7$0>@DQGWKH1DWLRQDO*ULG,QLWLDWLYH$UP1*,>@
DQG SURYLGHV FRPSXWDWLRQDO DQG QHWZRUNLQJ IDFLOLWLHV DQG
DGYDQFHGVHUYLFHVWRXVHUV7KHPDLQREMHFWLYHRIWKLVDUWLFOHLVWR
KLJKOLJKW NH\ DFWLYLWLHV WKDWZLOO VSXU$UPHQLD WR VWUHQJWKHQ LWV
VFLHQWLILFFRPSXWLQJFDSDFLW\ WKDQNVWR WKHDQDO\VLVPDGHRI WKH
FXUUHQWWUHQGVRIH,QIUDVWUXFWXUHVLQ(XURSHDQGWKH86$








ELRORJ\ 7KH\ DOVR DSSHDU LQFUHDVLQJO\ DV GHFLVLRQPDNLQJ
WRROV IRU FULWLFDO FDVHV OLNH JOREDOZDUPLQJ QDWXUDO GLVDVWHUV
HWF6LQFHPRGHOOLQJDQG VLPXODWLRQDUHHVVHQWLDO IRUPXOWLSOH
VFLHQWLILF DGYDQFHV WKH FRQWURO RI DOO WKH DVSHFWV RI KLJK
SHUIRUPDQFH FRPSXWLQJ +3&  DV ZHOO DV WKH FDSDFLW\ WR
H[SORLW WKH PDVVHV RI GDWD WR WDFNOH WKH VROXWLRQ RI WKHVH
FRPSOH[PRGHOVLVLQHVFDSDEOH
,Q PRVW DUHDV WKH +3& FKDOOHQJHV DUH UHODWHG WR WKH
PRGHOOLQJ RI FRPSOH[ V\VWHPV LQ RUGHU WR EHWWHU XQGHUVWDQG
ODUJHU DQGPRUH FRPSOH[ SUREOHPV 7KH SKHQRPHQD WKDW DUH
PRGHOOHG DUH FRPSOH[ FRXSOHG PXOWLSK\VLFV DQG PXOWL
VFDOHV LQ VSDFH IURPPROHFXODU XS WR OLYLQJ V\VWHP VL]H IRU
H[DPSOH RU LQ WLPH 7KH LVVXHV UHODWHG WR YLVXDOL]DWLRQ
SURFHVVLQJ ODUJH DPRXQWV RI GDWD DQG XQFHUWDLQW\
TXDQWLILFDWLRQ DUH DOO FHQWUDO &RXSOLQJ FRGHV IURP GLIIHUHQW
UHVHDUFK DUHDV DOORZV IRU QHZ SHUVSHFWLYHV DQG HQDEOHV XV WR
WDFNOH FRPSOH[PXOWLSK\VLFV SKHQRPHQD E\ WDNLQJ DGYDQWDJH
RIWKHNQRZOHGJHRIHDFKGLVFLSOLQHLQYROYHG
2YHUWKHSDVWIHZ\HDUVUHVLOLHQFHKDVEHFDPHDPDMRULVVXH
IRU +3& V\VWHPV HVSHFLDOO\ IRU ODUJH SHWDVFDOH V\VWHPV DQG
IXWXUH H[DVFDOH V\VWHPV 7KH URDGPDS WR H[DVFDOH DQG WKH
HYROXWLRQ RI VXSHUFRPSXWHUV >@ UHTXLUHV PDMRU HIIRUWV LQ
VHYHUDONH\DUHDV
• (IILFLHQWH[SORLWDWLRQRIQH[WJHQHUDWLRQDUFKLWHFWXUHVDWWKH
KDUGZDUH V\VWHP DQG UXQWLPH VXSSRUW OHYHOV EHFDXVH RI
WKHLU KLJK GHJUHH RI SDUDOOHOLVP DQG WKHLU KHWHURJHQHLW\
&RGHVLJQLVFRQVLGHUHGDNH\DFWLYLW\






)URP  WR  WKH +3& PDUNHW VKRXOG HQJHQGHU
DURXQGELOOLRQGROODUV RI LQFRPH DFFRUGLQJ WR7HUDVFDOD
UHVXOWLQJIURPERWKWKHJURZWKRIWKH+3&PDUNHWDVLWPRYHV
WRZDUGV([DVFDOH DQG IURP WKH GHSOR\PHQW RI DFDGHPLF DQG
GHSDUWPHQWDO PDFKLQHV  PRUH DQGPRUH RIWHQ LQ FRQQHFWLRQ
ZLWKWKHPXOWLSOLFDWLRQRIGDWDFHQWHUVZLWKDSSOLFDWLRQVUHODWHG
WR HQJLQHHULQJ %LJ 'DWD HJ JHQRPLF RU ILQDQFLDO
DQDO\VHVDQGZLWKWKHGHSOR\PHQWRIUHVRXUFHVLQSXEOLFDQG
SULYDWHFORXGFRPSXWLQJLQIUDVWUXFWXUHV
%LJ 'DWD LV QRZ FRQVLGHUHG WR EH WKH IRXUWK SLOODU RI
VFLHQFH >@ DQG  MXVW DV +3& LV  XQGHUVWDQGLQJ DQG
RYHUFRPLQJ %LJ 'DWD FKDOOHQJHV LV FUXFLDO IRU VFLHQFH DQG
LQGXVWULDODGYDQFHPHQWVDQGFRPSHWLWLYHQHVV7KHYROXPHDQG
WKHFRPSOH[LW\RIGDWDGRHVQRW VWRSJURZLQJ ,W LVQR ORQJHU
SRVVLEOH WR GLVVRFLDWH +3& IURP %LJ 'DWD LH WKH
H[SORLWDWLRQ RI WKH PDVVHV RI GDWD VWHPPLQJ IURP GLJLWDO
VLPXODWLRQV FOLPDWH FRPEXVWLRQ IXVLRQ DVWURSK\VLFV ODUJH
LQVWUXPHQWV/+&,7(5/667/2)$5JHQRPLFSODWIRUPV
JURXQG RU VSDFH V\VWHPV RI REVHUYDWLRQ VHLVPRORJ\ DQG
JHRGHV\ 5(6,) (XFOLG :),567 *$,$ LPDJLQJ DQG
LQWHUIHURPHWU\RU VLPSO\PXOWLSOHGHYLFHVRIGDWD DFTXLVLWLRQ
EURDGEDQG VHTXHQFHU VHQVRUV
 QHWZRUNV VRFLDO QHWZRUNV
HWF ,Q DGGLWLRQ +3& DQG %LJ 'DWD FDQQRW EH VHSDUDWHG
IURP DOO WKH HOHPHQWV ZKLFK FRQVWLWXWH WKH HFRV\VWHP RI
FRPSXWLQJ DQG GDWD LQWHQVLYH LQIUDVWUXFWXUHV FRPSXWLQJ
LQIUDVWUXFWXUHVVWRUDJHQHWZRUNVFRPSXWHUURRPVHWF
,Q PXOWLSOH VFLHQWLILF DQG VRFLRHFRQRPLF GRPDLQV WKH
YROXPHDQGWKHYDULHW\RIWKHH[LVWLQJGDWDDVZHOODVWKHWLPH
FRQVWUDLQWVRIFDOFXODWLRQUHYHDOHGQHZFKDOOHQJHV7RDGGUHVV
WKHVH QHZ FKDOOHQJHV QHZ WRROV VFLHQWLILF PHWKRGV DQG
WHFKQRORJLHVDUHQHFHVVDU\LQDZLGHUDQJHRIDUHDVLQFOXGLQJ
LQ IXQGDPHQWDO VFLHQFHV HJ SK\VLFV RI KLJK HQHUJ\ IXVLRQ
HDUWK DQG XQLYHUVH VFLHQFHV ELRFRPSXWLQJ QHXURVFLHQFHV
HWF GLJLWDO HFRQRP\ HJ EXVLQHVV LQWHOOLJHQFH :HE H
FRPPHUFH VRFLDO QHWZRUNV HJRYHUQPHQW KHDOWK
WHOHFRPPXQLFDWLRQV DQG PHGLD JURXQG DQG DLU WUDQVSRUW
ILQDQFLDO PDUNHWV HQYLURQPHQW HJ FOLPDWH QDWXUDO ULVNV
HQHUJ\ UHVRXUFHV VPDUW FLWLHV FRQQHFWHG KRXVHV VHFXULW\
FRQVXPHU JRRGV LQGXVWU\ HJ VPDUW LQGXVWU\ FXVWRPL]HG
SURGXFWVSURGXFWGHVLJQDQGSURGXFWLRQFKDLQ
,Q VHYHUDO DUHDV WKH YROXPH DQG WKH FRPSOH[LW\ RI GDWD
FKDOOHQJH RXU FDSDFLWLHV WR H[SORUH DQG WR DQDO\]H WKHP
:LWKRXW DGHTXDWH SURFHVVLQJ FDSDFLW\ IRU DQDO\VLV DQG
DGHTXDWH VWRUDJH IRU WKH GDWD WKH V\VWHPV GR QRW SURGXFH
VFLHQFH RU GHFLVLRQPDNLQJ VXSSRUW 6RPH RI WKH PDLQ
FKDOOHQJHVIRU%LJ'DWDOLHLQGHYHORSLQJUHVHDUFKLQRUGHUWR
PDVWHU DOO WKH WHFKQRORJLHV RI WKH GDWD YDOXH FKDLQ RIIHULQJ
LPSURYHG DQG UHDGLO\ DYDLODEOH WUDLQLQJ UHLQIRUFLQJ WKH
LQGXVWULDOHFRV\VWHP60(
VDQGODUJHJURXSVDQGGHYHORSLQJ
EULGJHV EHWZHHQ UHVHDUFK DQG LQGXVWU\ ,W LV DOVR FUXFLDO WR
UHLQIRUFHOLQNVEHWZHHQUHVHDUFKHUVDQGLQGXVWU\OHDGHUVDQGWR
FXOWLYDWH WHDPV IRU PXOWLGLVFLSOLQDU\ 5	' GHYHORS WKH




GHYHORSLQJ  GHSOR\LQJ LQIUDVWUXFWXUHV DOJRULWKPV PRELOH
GHYLFHV DQG DSSOLFDWLRQV VHUYLQJELOOLRQVRIXVHUV %LJ'DWD
RIIHUV QXPHURXV HFRQRPLF RSSRUWXQLWLHV ,W LV HVWLPDWHG WKDW
WKHVH DSSOLFDWLRQV FRXOG JHQHUDWH DFFRUGLQJ WR WKH PLVVLRQ
$IGHO RQ ELJ GDWDPRUH WKDQ %LOOLRQ (XURV RI LQFRPH LQ
 DQG D SRWHQWLDO YDOXH FUHDWLRQ RI  %LOOLRQ (XURV LQ
(XURSHDQSXEOLFDGPLQLVWUDWLRQ
,QUHFHQW\HDUVVLJQLILFDQWLQYHVWPHQWVKDYHEHHQPDGHE\
WKH (XURSHDQ &RPPLVVLRQ DQG (XURSHDQ PHPEHU VWDWHV WR
FUHDWH SDQ(XURSHDQ H,QIUDVWUXFWXUHV LQ WKH IROORZLQJ
GRPDLQV
• +3& 7KHPLVVLRQ RI 35$&( 3DUWQHUVKLS IRU $GYDQFHG
&RPSXWLQJ LQ (XURSH >@ LV WR HQDEOH KLJK LPSDFW
VFLHQWLILF GLVFRYHU\ DQG HQJLQHHULQJ UHVHDUFK DQG
GHYHORSPHQW DFURVV DOO GLVFLSOLQHV WR HQKDQFH (XURSHDQ
FRPSHWLWLYHQHVV IRU WKH EHQHILW RI VRFLHW\ 7KH FRPSXWHU
V\VWHPV DQG WKHLU RSHUDWLRQV DFFHVVLEOH WKURXJK 35$&(
DUH SURYLGHG E\  35$&( PHPEHUV %6& UHSUHVHQWLQJ
6SDLQ &,1(&$ UHSUHVHQWLQJ ,WDO\ *&6 UHSUHVHQWLQJ
*HUPDQ\ DQG *(1&, UHSUHVHQWLQJ )UDQFH ZKR
FRPPLWWHG D WRWDO IXQGLQJ RI (85 PLOOLRQ IRU WKH
LQLWLDO35$&(V\VWHPVDQGRSHUDWLRQV
• *ULG7KHPLVVLRQRI WKH(*,,Q63,5(SURMHFW ,QWHJUDWHG
6XVWDLQDEOH 3DQ(XURSHDQ ,QIUDVWUXFWXUH IRU 5HVHDUFKHUV
LQ (XURSH >@ LV WR FRPELQH WKH QHZ 'LVWULEXWHG
&RPSXWLQJ ,QIUDVWUXFWXUHV '&,V  VXFK DV FORXGV
VXSHUFRPSXWLQJ QHWZRUNV DQG GHVNWRS JULGV  IRU WKH
EHQHILWRIXVHUFRPPXQLWLHVZLWKLQWKH(XURSHDQ5HVHDUFK
$UHD LQFOXGLQJ  1DWLRQDO *ULG ,QLWLDWLYHV 1*,V 
(XURSHDQ ,QWHUQDWLRQDO5HVHDUFK2UJDQL]DWLRQV DQG HLJKW
SDUWQHUVIURPWKH$VLD3DFLILFUHJLRQ
• &ORXG +HOL[ 1HEXOD >@ LV D QHZ SLRQHHULQJ SDUWQHUVKLS
EHWZHHQ ELJ VFLHQFH DQG ELJ EXVLQHVV LQ (XURSH WKDW LV
FKDUWLQJ WKH FRXUVH WRZDUGV WKH VXVWDLQDEOH SURYLVLRQ RI
FORXG FRPSXWLQJ  WKH 6FLHQFH &ORXG 7KH SDUWQHUVKLS
EULQJVWRJHWKHUOHDGLQJ,7SURYLGHUVDQGWKUHHRI(XURSH
V
OHDGLQJ UHVHDUFK FHQWHUV  &(51 (0%/ DQG (6$  LQ
RUGHU WR SURYLGH FRPSXWLQJ FDSDFLW\ DQG VHUYLFHV WKDW
HODVWLFDOO\ PHHW ELJ VFLHQFH
V JURZLQJ GHPDQG IRU
FRPSXWLQJSRZHU
• %LJ 'DWD 7KH (8'$7 7RZDUGV D SDQ(XURSHDQ
&ROODERUDWLYH'DWD,QIUDVWUXFWXUH>@YLVLRQLVWRVXSSRUW
D &ROODERUDWLYH 'DWD ,QIUDVWUXFWXUH ZKLFK ZLOO DOORZ
UHVHDUFKHUVWRVKDUHGDWDZLWKLQDQGEHWZHHQFRPPXQLWLHV
DQGWRSURYLGHDVROXWLRQWKDWZLOOEHDIIRUGDEOH
$V WKH SUHPLHU GLVWULEXWHG F\EHULQIUDVWUXFWXUH IRU RSHQ
VFLHQWLILF UHVHDUFK LQ WKH 8QLWHG 6WDWHV ;6('( ([WUHPH
6FLHQFH DQG (QJLQHHULQJ 'LVFRYHU\ (QYLURQPHQW >@
VXSSRUWV VXSHUFRPSXWHUV DQG KLJKHQG YLVXDOL]DWLRQ DQG GDWD
DQDO\VLV UHVRXUFHV DFURVV WKH FRXQWU\ DV ZHOO DV GDWD
FROOHFWLRQV DQG FRPSXWDWLRQDO WRROV WKDW DUH FULWLFDO WR WKH
VXFFHVVRIWKRVHUHVHDUFKHUV,QWKHSDVWWKUHH\HDUVWKH8QLWHG
6WDWHV WKH (XURSHDQ 8QLRQ DQG -DSDQ KDYH HDFK PRYHG
DJJUHVVLYHO\WRGHYHORSWKHLURZQSODQVIRUDFKLHYLQJH[DVFDOH
FRPSXWLQJLQWKHQH[WGHFDGH
$V D VWDWH VFLHQWLILF RUJDQL]DWLRQ 1$6 5$ XQLILHV WKH
VFLHQWLILF DQG UHVHDUFK LQVWLWXWHV VXEVLGLDU\ VHUYLFHV DQG
JRYHUQLQJERG\WKH3UHVLGLXPRIWKH$FDGHP\LQFOXGHVPRUH
WKDQ  VFLHQWLILF LQVWLWXWLRQV DQG RWKHU RUJDQL]DWLRQV$V WKH
VWDWH VXSSRUWHG VWUXFWXUH RI 1$6 5$ IRU VRIWZDUH KDUGZDUH
DQG EUDLQZDUH WHFKQRORJLHV LQ $UPHQLD ZH LQWURGXFH DQG
GLVFXVV ,,$3 DQG LWV NH\ DFWLYLWLHV WKDW ZLOO VSXU $UPHQLD WR
VWUHQJWKHQLWVVFLHQWLILFFRPSXWLQJFDSDFLW\
7KH FXUUHQW 6WDWH RI HLQIUDVWUXFWXUHV LQ $UPHQLD LV
SUHVHQWHG LQ6HFWLRQ DQG WKH IXUWKHU DFWLYLWLHV WR VWUHQJWKHQ
WKHVFLHQWLILFFRPSXWLQJFDSDFLW\ LQ$UPHQLDFDQEH IRXQG LQ
6HFWLRQ  )LQDOO\ WKH FRQFOXVLRQ DQG GLUHFWLYHV IRU IXWXUH
UHVHDUFKDUHGUDZQLQWKHFRQFOXVLRQVHFWLRQ
,, &855(1767$7(2)(,1)5$6758&785(6,1$50(1,$
7KH $UPHQLDQ HLQIUDVWUXFWXUH LV D FRPSOH[ QDWLRQDO ,7
LQIUDVWUXFWXUHFRQVLVWLQJRIERWKFRPPXQLFDWLRQDQGGLVWULEXWHG




6LQFH  $61(7$0 KDV SURYLGHG D KLJKTXDOLW\
LQIUDVWUXFWXUH DQG VHUYLFHV WR WKH DFDGHPLF UHVHDUFK DQG
HGXFDWLRQDO FRPPXQLW\ RI$UPHQLD E\ FRQQHFWLQJPRUH WKDQ
 VFLHQWLILF UHVHDUFK DFDGHPLF DQG FXOWXUDO RUJDQL]DWLRQV
7KH $61(7$0 EDFNERQH FRQVLVWV RI QHWZRUN
FRPPXQLFDWLRQ QRGHV LQ  FLWLHV LQ $UPHQLD ZKLFK DUH
LQWHUFRQQHFWHG E\ ILEHU RSWLFV DQGZLUHOHVV OLQNV VHH ILJ 
0RVWRIWKHVLWHVORFDWHGLQ<HUHYDQDUHFRQQHFWHGYLD$61(7
$0
V ILEUHDWELWUDWHVRI*EV$IHZNH\VLWHV VXFKDV WKH
3UHVLGLXPRIWKH1DWLRQDO$FDGHP\RI6FLHQFHVDQGWKH,,$3
DUH LQWHUFRQQHFWHG DW  *EV $61(7$0 RIIHULQJ WR WKH
$UPHQLDQ UHVHDUFK DQG HGXFDWLRQDO FRPPXQLW\ DFFHVV WR WKH
SDQ(XURSHDQ *($17 QHWZRUN $61(7$0 DOVR KRVWV D
ZLGHYDULHW\RIGLIIHUHQWVHUYLFHV IRUFRQQHFWHGRUJDQLVDWLRQV






%HLQJ D ORQJWLPH $UPHQLDQ DFDGHPLF QHWZRUN RSHUDWRU
$61(7$0SDUWLFLSDWHV LQ D VHULHV RI LQWHUQDWLRQDO DFWLYLWLHV
DQG LV D SDUW RI D ZRUOGZLGH FRPPXQLW\ RI UHVHDUFK DQG
HGXFDWLRQ QHWZRUNV $61(7$0 LV D PHPEHU RI VHYHUDO
LQWHUQDWLRQDO RUJDQL]DWLRQV VXFK DV WKH 7UDQV(XURSHDQ
5HVHDUFK DQG(GXFDWLRQ1HWZRUNLQJ$VVRFLDWLRQ5HVHDX[ ,3
(XURSHHQVDQGWKH&HQWUDODQG(DVWHUQ(XURSHDQ1HWZRUNLQJ
$VVRFLDWLRQ $61(7$0 LV DOVR DQ DFWLYH SDUWLFLSDQW LQ
(XURSHDQQHWZRUNLQJSURMHFWVZLWKLQ WKH6HYHQWK)UDPHZRUN
3URJUDPPHVLQFOXGLQJ0XOWL*LJDELW(XURSHDQ5HVHDUFKDQG
(GXFDWLRQ 1HWZRUN DQG $VVRFLDWHG 6HUYLFHV DQG %ODFN 6HD
,QWHUFRQQHFWLRQ $61(7$0 DQG WKH QDWLRQDO UHVHDUFK DQG
HGXFDWLRQ QHWZRUNV RI DOO VL[ (DVWHUQ 3DUWQHUVKLS (D3
FRXQWULHVZLOOHVWDEOLVKDQGRSHUDWHDKLJKFDSDFLW\EURDGEDQG
LQWHUQHW QHWZRUN IRU UHVHDUFK DQG HGXFDWLRQ WKURXJK WKH
(D3&RQQHFW(DVWHUQ3DUWQHUVKLS&RQQHFW3URMHFW>@IXQGHG
E\ WKH (XURSHDQ &RPPLVVLRQ
V 'LUHFWRUDWH*HQHUDO IRU
1HLJKERXUKRRG DQG (QODUJHPHQWV 1HJRWLDWLRQV :LWK
FRQQHFWLRQV WR WKH SDQ(XURSHDQ *e$17 QHWZRUN
(D3&RQQHFWZLOOHQDEOHVFLHQWLVWVDQGDFDGHPLFVLQWKHUHJLRQ
WR HQJDJH LQ JOREDO FROODERUDWLYH SURMHFWV DQG EULQJ WKH (D3
FRXQWULHVFORVHUWR(8
,QWKHILUVWKLJK3HUIRUPDQFHFRPSXWLQJFOXVWHU
SURFHVVRUV 0\ULQHW LQWHUFRQQHFWLRQ FDOOHG $UPFOXVWHU >@
ZDV GHYHORSHG LQ ,,$3 ZLWK WKH *)ORSV SHUIRUPDQFH
DFKLHYHG E\ +LJK 3HUIRUPDQFH /LQSDFN WHVW %HLQJ WKH PRVW
SRZHUIXO FRPSXWDWLRQDO UHVRXUFH LQ WKH ILHOG RI VFLHQFH DQG
HGXFDWLRQ LQ$UPHQLD DQG LQ WKH 6RXWK &DXFDVXV UHJLRQ WKH
$UPFOXVWHU FRQVWLWXWHV WKH FRUH RI WKH $UPHQLDQ JULG
LQIUDVWUXFWXUH




WKHLUDSSOLFDWLRQV$OO WKHVHDSSOLFDWLRQV UHO\RQDZLGH UDQJH
RI GLYHUVH FRPSXWHU VFLHQFH WHFKQRORJLHV FRPSRVHG IURP
VWDQGDUG JULG PLGGOHZDUH DQG VRSKLVWLFDWHG KLJKOHYHO
H[WHQVLRQV1RZWKHFRPSXWDWLRQDOUHVRXUFHVDERXWFRUHV
RI$UPHQLDQ*ULGLQIUDVWUXFWXUHGLVWULEXWHGDPRQJRXUOHDGLQJ
UHVHDUFK 1DWLRQDO $FDGHP\ RI 6FLHQFHV <HUHYDQ 3K\VLFV
,QVWLWXWH DQG DFDGHPLF <HUHYDQ 6WDWH 8QLYHUVLW\ 6WDWH
(QJLQHHULQJ8QLYHUVLW\RI$UPHQLDRUJDQL]DWLRQVDUH ORFDWHG
LQWKHFLWLHVRI<HUHYDQDQG$VKWDUDNVHHILJ$UP1*,LVD
PHPEHU RI WKH (XURSHDQ *ULG LQLWLDWLYH ZKLFK HVWDEOLVKHV D
VXVWDLQDEOH(XURSHDQ*ULG,QIUDVWUXFWXUH
7KHPRYH WR WKH FORXG FRPSXWLQJ LQ$UPHQLDQ DFDGHPLF
VHFWRU KDV DOUHDG\ VWDUWHG ([SHULPHQWDO FORXG LQIUDVWUXFWXUHV
EDVHG RQ 2SHQ1HEXOD DQG 2SHQ6WDFN SODWIRUPV KDYH EHHQ
GHSOR\HG LQ$UPHQLD DQG EH\RQG LQ WKH UHJLRQ )RU H[DPSOH
WKH LQWHJUDWHG IHGHUDWHG&ORXG LQIUDVWUXFWXUH LQ WKH%ODFN6HD





YDOXHDGGHGDELOLWLHV WR WKH WDUJHW UHVHDUFKFRPPXQLWLHV VXFK
DV
• $ VLQJOH VLJQ RQ DQ LQWHJUDWHG PXOWLVHUYLFH HQYLURQPHQW
IRUOLQHDUDOJHEUDFDOFXOXV>@WKDWHQDEOHVWKHVROXWLRQRI
ODUJHVFDOH OLQHDU V\VWHPV RI HTXDWLRQV XVLQJ GLUHFW
VROYHUV PDNHV HDVLHU WKH XVH RI SDUDOOHO EORFN LWHUDWLYH
DOJRULWKP DQG SURYLGHV DQ LQWHUIDFH IRU SDUDOOHO GHFLVLRQ
PDNLQJDOJRULWKPV
• $ SRUWDO IRU TXDQWXP RSWLFV WHFKQRORJLHV EDVHG RQ WKH
QXPHULFDOVLPXODWLRQVDQGPRGHOLQJRIFRPSOH[TXDQWXP
V\VWHPV >@ WKDW PDNHV SRVVLEOH WR VROYH YDULRXV
SUREOHPV IRU TXDQWXP RSHQ V\VWHPV 6XFK V\VWHPV DUH




• $Q LQWHURSHUDEOH VFLHQWLILF JDWHZD\ IRU SDUDOOHO
JHRSURFHVVLQJ RI VDWHOOLWH LPDJH LQGLFHV >@ DQG1'9,
WLPHVHULHVDQDO\]HV>@XVLQJVSDWLDOGDWDLQIUDVWUXFWXUHV
HWF 7KH JDWHZD\ KLGHV ORZOHYHO DFFHVV PHFKDQLVPV WR
FRPSXWDWLRQDO UHVRXUFHV ZLWK KLJKOHYHO JUDSKLFDO
LQWHUIDFHVPDNLQJ HYHQ QRQ*,6 H[SHUW XVHUV FDSDEOH RI
GHILQLQJ DQG H[HFXWLQJ GLVWULEXWHG DSSOLFDWLRQV XVLQJ WKH
+3&UHVRXUFHV
5HFHQWO\ WKH HGX*$,1 VHUYLFH KDV EHHQ GHYHORSHG XQGHU
WKHXPEUHOODRIWKH$UPHQLDQ)HGHUDWLRQ,GHQWLW\IRU5HVHDUFK







PDWXUH RSHQ VRXUFH VRIWZDUH VROXWLRQ IRU ILOH VKDULQJ DQG
V\QFKURQL]DWLRQ ZKLFK SURYLGHV HQWHUSULVHJUDGH IHDWXUHV WR





• /LIH VFLHQFHV >@ VXFK DV PROHFXODU G\QDPLFV
VLPXODWLRQ RQ WKH VWDWH RI ORQJ FKDLQ DON\O VXOIRQDWH
PLFHOOHZKLFKRFFXUVLQWKHSUHVHQFHRIVDOWRUPROHFXODU
G\QDPLFV VLPXODWLRQV RI DPSKLSKLOHZDWHU V\VWHP
FRQVLVWLQJ RI  VRGLXP SHQWDGHF\O VXOIRQDWH DQG 
ZDWHUPROHFXOHV
• (DUWK DQG FOLPDWH VFLHQFHV >@ VXFK DV WKH RSHUDWLRQDO
XVDJH RI DPHVRVFDOH:HDWKHU 5HVHDUFK DQG )RUHFDVWLQJ
PRGHO IRU WKH WHUULWRU\ RI $UPHQLD ZLWK ILQH VSDWLDO
UHVROXWLRQZKLFKJLYHVDQRSSRUWXQLW\WRLPSURYHZHDWKHU
IRUHFDVWLQJ DQG WR SURPRWH UHVHDUFK WKDW DGYDQFHV
XQGHUVWDQGLQJ RI ZHDWKHU SURFHVVHV DQG LQFUHDVH WKH
XWLOLW\ RI IRUHFDVW ZLWK DQ HPSKDVLV RQ KLJKLPSDFW
ZHDWKHU
• $VWURQRP\ DQG FRVPRORJ\ >@ VXFK DV WKH $UPHQLDQ
9LUWXDO2EVHUYDWRU\DV D FROOHFWLRQRI LQWHURSHUDWLQJGDWD
DUFKLYHVWKRXVDQGSKRWRJUDSKLFSODWHVDQGILOPVDQG
VRIWZDUHWRROVZKLFKXWLOL]HWKHLQWHUQHWWRIRUPDVFLHQWLILF
UHVHDUFK HQYLURQPHQW LQ ZKLFK DVWURQRPLFDO UHVHDUFK
SURJUDPVFDQEHFRQGXFWHG
• 3DUWLFOH SK\VLFV $7/$6 DQG $/,&( H[SHULPHQWV DW
&(51
• &RPSXWDWLRQDO HQJLQHHULQJ DQGRWKHU VFLHQWLILF GLVFLSOLQHV
VHOIRUJDQL]HGV\VWHPVEDVHGRQ WKHUHVXOWV LQ WKH WKHRU\
RI FHOOXODU DXWRPDWD FODVVLFDO VSLQ JODVV WKHRU\ OLQHDU
FU\SWDQDO\]HVRIFU\SWRV\VWHPVHWF>@
&RPPXQLFDWLRQ ZLWK (XURSHDQ FRXQWHUSDUWV LV D FUXFLDO
HOHPHQWRILQWHJUDWLRQLQWR(XURSHDQ5HVHDUFK$UHDDQGPLJKW
FUHDWH DGGLWLRQDO RSSRUWXQLWLHV WR LQFUHDVH YLVLELOLW\ RI WKH
UHJLRQ
7DNLQJ LQWR DFFRXQW WKH VWDWXV RI WKH FXUUHQW H
LQIUDVWUXFWXUH DQG WKH UHODWLRQVKLSV ZLWK WKH (XURSHDQ DQG
LQWHUQDWLRQDO VRFLHWLHV DQG LQIUDVWUXFWXUHV WKH SULRULWLHV RI
$UPHQLD LQ VFLHQFH DQG WHFKQRORJ\ LW LV DGYLVDEOH WR
VWUHQJWKHQLQJ WKH FRPSXWH DQG GDWD LQWHQVLYH FDSDFLWLHV RI
$UPHQLD WR WDFNOH WKH IXQGDPHQWDO SUREOHPV LQ VFLHQFH DQG
HQJLQHHULQJLQ$UPHQLDDQGEH\RQGVXFKDV
• 'DWD LQWHQVLYH DVWURSK\VLFV DQG FRVPRORJ\ DUFKLYHV DQG
VKDULQJ GDWD UHFHLYHG IURP WKH WHOHVFRSHV ORFDWHG DW WKH
%\XUDNDQ $VWURSK\VLFDO 2EVHUYDWRU\ GLJLWDO OLEUDULHV
DUFKLYLQJ DQG VKDULQJ UHVHDUFK GDWD UHFHLYHG IURP WKH
)XQGDPHQWDO6FLHQWLILF/LEUDU\ RI WKH1DWLRQDO$FDGHP\
RI 6FLHQFHV RI$UPHQLD$UPHQRORJ\ GHYHORSPHQW DQG
SURPRWLRQ D PXOWLOLQJXDO FRPPXQLFDWLRQ SODWIRUP KLJK
HQHUJ\ SK\VLFV VXSSRUW WKH VFLHQWLILF H[SHULPHQWV DW
&(51GLVDVWHUPDQDJHPHQWUHVSRQGLQJWRDULVNDYHUVH
VRFLHW\ XUEDQ PDQDJHPHQW WUDQVSRUW FRQWURO DQG
PRQLWRULQJWHOHPHGLFLQHGLJLWDOWRPRJUDSK\HWF
• &RPSXWH LQWHQVLYH FOLPDWH VWXGLHV ZHDWKHU IRUHFDVWLQJ
DWPRVSKHULF FKHPLVWU\ DQG DLU SROOXWLRQ PRGHOOLQJ RI
/DNH 6HYDN ZDWHU UHVRXUFHV TXDQWLW\ DQG TXDOLW\
FRPSXWDWLRQDO VLPXODWLRQV RI DGYDQFHG QDQRPDWHULDOV
PROHFXODUG\QDPLFVVLPXODWLRQVPROHFXODUVLPXODWLRQVRI
ELRPROHFXOHV $E LQLWLR FDOFXODWLRQV PLFURELDO JHQRPHV
DQG FRPPXQLW\JHQH H[SUHVVLRQ VDWHOOLWH DQGELRPHGLFDO
LPDJHSURFHVVLQJHWF
'HVSLWH WKH VXFFHVV WRSDUWLFLSDWH LQ VHYHUDOSDQ(XURSHDQ




DQG GDWD LQWHQVLYH DSSOLFDWLRQV LW LV FUXFLDO WR VLJQLILFDQWO\
H[WHQGWKHDYDLODEOHUHVRXUFHVLQWKHIROORZLQJGLUHFWLRQV




•  7% 'DWD 6WRUDJH WR VDWLVI\ WKH JURZLQJ WHFKQLFDO







2QHRI WKHJUHDWRSSRUWXQLWLHV LQ$UPHQLD LV WKDW LW LVVWLOO
SRVVLEOH WR FRRUGLQDWH WKH GHYHORSPHQW RI WKH PDMRU ,7
LQIUDVWUXFWXUHV ZKLFK KDV QRW DOZD\V EHHQ WKH FDVH LQ RWKHU
FRXQWULHV OHDGLQJ WR RFFDVLRQDO LQHIILFLHQW LQYHVWPHQWV
$QRWKHU RSSRUWXQLW\ OLHV LQ WKH DELOLW\ WR GHVLJQ D UHDO
XUEDQLVDWLRQ RI ,7 LQIUDVWUXFWXUHV ZKLFK LV QHFHVVDU\ LQ RXU
DSSOLFDWLRQ 7KH ILUVW VWHS WR VWUHQJWKHQLQJ WKH FRPSXWDWLRQDO
FDSDFLW\ RI $UPHQLD ZDV WKH HVWDEOLVKPHQW RI WKH
6XSHUFRPSXWLQJ &HQWHU ZKLFK WRRN LQWR DFFRXQW ERWK WKH
LPSRUWDQFH RI H[SDQGLQJ WKH XVDJH RI VXSHUFRPSXWLQJ LQ DQ
HIIRUW WRERRVWWKHHFRQRPLFFRPSHWLWLYHQHVVRI$UPHQLDDQG
DOVR WKDW WKH*RYHUQPHQWRI$UPHQLDGHFODUHG ,&7DVRQHRI
WKHSULRULW\VHFWRUVRIWKH$UPHQLDQHFRQRP\UHFRJQL]LQJWKH
SURJUHVV PDGH LQ $UPHQLD LQ HLQIUDVWUXFWXUH GHYHORSPHQW
HVSHFLDOO\ LQ GLVWULEXWHG FRPSXWLQJ *ULG &ORXG DQG
QHWZRUNLQJLQIUDVWUXFWXUHV
$ PHPRUDQGXP RI XQGHUVWDQGLQJ 0R8 UHJDUGLQJ
FRRSHUDWLRQ LQ WKH ILHOG RI VXSHUFRPSXWLQJ KDV EHHQ VLJQHG
EHWZHHQ WKH 5HSXEOLF RI $UPHQLD
V 1DWLRQDO $FDGHP\ RI
6FLHQFHVWKH0LQLVWU\RI(GXFDWLRQDQG6FLHQFHWKH0LQLVWU\
RI(FRQRP\DQG WKH0LQLVWU\RI(PHUJHQF\6LWXDWLRQV WRVHW
XS D FROODERUDWLRQ IRU WKH HVWDEOLVKPHQW RI DQ $UPHQLDQ
1DWLRQDO 6XSHUFRPSXWLQJ&HQWHU DW WKH1DWLRQDO$FDGHP\RI
6FLHQFHV 7KLV VXSHUFRPSXWLQJ FHQWHU ZRXOG EH DW OHDVW
LQLWLDOO\DGPLQLVWHUHGDQGORFDWHGDW,,$3LQRUGHUWRGHYHORS
DQG DSSO\ KLJKSHUIRUPDQFH LQIRUPDWLRQ WHFKQRORJLHV IRU
VFLHQFH DQG VRFLHW\ LQ $UPHQLD DQG EH\RQG DQG WR GHOLYHU
DGYDQFHG VFLHQWLILF DQG LQGXVWU\ UHVHDUFK LQ WKH ILHOG RI KLJK
SHUIRUPDQFHFRPSXWLQJ$0R8IRUH[SORULQJSRWHQWLDOIXWXUH
FROODERUDWLRQLQWKHILHOGVRIKLJKSHUIRUPDQFHFRPSXWLQJDQG
FRPSXWDWLRQDO VFLHQFH EHWZHHQ WKH 8QLYHUVLWp 7RXORXVH ,,, 
3DXO6DEDWLHU)UDQFHWKH,QVWLWXWHIRU&RPSXWHU6FLHQFHDQG
&RQWURORIWKH+XQJDULDQ$FDGHP\RI6FLHQFHV+XQJDU\DQG




• 0HGLFDO ,PDJH3URFHVVLQJ7KH WRSLFRI WKLVFROODERUDWLRQ
LV WKH LOOSRVHG LQYHUVH SUREOHPV LQ PHGLFDO LPDJLQJ
ZKLFK UHTXLUHV D FRPSOH[ RSWLPL]DWLRQ URXWLQH ZLWK
DSSURSULDWHUHJXODUL]DWLRQWHUPV7KHLQYHUVHSUREOHPVDUH
LQYROYHG LQ VHYHUDO RI RXU UHVHDUFK D[LV VXFK DV
GHFRQYROXWLRQ VXSHUUHVROXWLRQ FRPSUHVVLYH VDPSOLQJ
EHDPIRUPLQJDQGDVVRFLDWLRQVRIWKHP
• &RGLQJ DQG FU\SWRJUDSK\ &U\SWDQDO\VLV RI ODWWLFHEDVHG
IXOO\ KRPRPRUSKLF HQFU\SWLRQ VFKHPHV VHFXULW\ SURRIV
IRU DOWHUQDWLYH QRLVH GLVWULEXWLRQV LQ SXEOLF NH\
FU\SWRV\VWHPV DQG IDVW SRO\QRPLDO RSHUDWLRQV ))7 DQG
QRLVHJHQHUDWLRQLQWKHODWWLFHFU\SWRJUDSK\VHWWLQJ
• *UHHQ &RPSXWLQJ /LQX[ NHUQHO JRYHUQRU IRU UHGXFLQJ
+3& HQHUJ\ FRQVXPSWLRQ PDWKHPDWLFDO DQG DQDO\WLFDO
PRGHOV RI HQHUJ\ FRQVXPSWLRQ HQHUJ\ FRQVXPSWLRQ
UHGXFWLRQ LQ K\EULG &38*38 DUFKLWHFWXUHV PHPRU\
EDOORRQLQJHWF
,9&21&/86,21
5HFHQW \HDUV KDYH EURXJKW D VHULHV RI FRRUGLQDWHG DQG
FRPSOHPHQWDU\ HLQIUDVWUXFWXUH LQLWLDWLYHV WKDW KDYH EHHQ
FUXFLDO IRU GHSOR\LQJ VWDWHRIWKHDUW HLQIUDVWUXFWXUHV LQ
$UPHQLD,QWKLVSDSHUZHKDYHGHVFULEHGWKHDFWXDOVWDWXVRI
WKHVHH,QIUDVWUXFWXUHV LQ$UPHQLDDQGEH\RQG2XUJRDO LV WR
IRFXVRQHLQIUDVWUXFWXUHVDQGVHUYLFHV WKDWFXWDFURVVD UDQJH




UHVRXUFHV DQG WR VDWLVI\ WKH QHHGV RI XVHU FRPPXQLWLHV LW LV
FUXFLDO WR HVWDEOLVK  SDUWQHUVKLSVZLWK(XURSHDQ LQIUDVWUXFWXUH
SURMHFWV (6)5, 35$&( (/,;,5 &/$5,1 HWF DQG WR
EHFRPHDPHPEHURIRWKHU UHOHYDQW LQWHUQDWLRQDO LQIUDVWUXFWXUHV
DQGUHVHDUFKRUJDQLVDWLRQV
$&.12:/('*0(17
7KLV ZRUN ZDV VXSSRUWHG E\ WKH ,1$50(5$,&7
,QWHJUDWLQJ $UPHQLD LQWR (5$ ,QIRUPDWLRQ DQG
&RPPXQLFDWLRQ7HFKQRORJLHV*10XOWL*LJDELW(XURSHDQ
5HVHDUFK DQG (GXFDWLRQ 1HWZRUN DQG $VVRFLDWHG 6HUYLFHV
(D3&RQQHFWDQG9,6((095(IRUUHJLRQDO,QWHUGLVFLSOLQDU\
FRPPXQLWLHV LQ 6RXWKHDVW (XURSH DQG WKH (DVWHUQ
0HGLWHUUDQHDQ3URMHFWVIXQGHGE\WKH(XURSHDQ&RPPLVVLRQ
5()(5(1&(6
>@ ,QIRUPDWLRQ DQG 7HOHFRPPXQLFDWLRQ 7HFKQRORJLHV 6HFWRU LQ
$UPHQLD(QWHUSULVH,QFXEDWRU)RXQGDWLRQ<HUHYDQ$UPHQLD

>@ ,QVWLWXWH IRU ,QIRUPDWLFV DQG $XWRPDWLRQ 3UREOHPV RI WKH
1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 5HSXEOLF RI $UPHQLD
85/KWWSLLDSVFLDP
>@ $FDGHPLF 6FLHQWLILF5HVHDUFK&RPSXWHU1HWZRUN RI$UPHQLD
85/KWWSZZZDVQHWDP
>@ <X 6KRXNRXULDQ 9 6DKDN\DQ + $VWVDWU\DQ (
,QIUDVWUXFWXUHV LQ$UPHQLD9LUWXDO5HVHDUFK(QYLURQPHQWV LQ
,(((3URF&6,7<HUHYDQ$UPHQLDSS
>@ - 'RQJDUUD 3 %HFNPDQ HW DO  7KH ,QWHUQDWLRQDO ([DVFDOH
6RIWZDUH5RDGPDS,QWHUQDWLRQDO-RXUQDORI+LJK3HUIRUPDQFH
&RPSXWLQJYROQRSS
>@ 7 +H\ 6 7DQVOH\ . 7ROOH  7KH )RXUWK 3DUDGLJP 'DWD








>@ +9 $VWVDWU\DQ <X 6KRXNRXULDQ 9 6DKDN\DQ 7KH
$UP&OXVWHU 3URMHFW %ULHI ,QWURGXFWLRQ ,Q 3URF 3'37$/DV
9HJDV1HYDGD86$SS
>@ +$VWVDWU\DQ$+D\UDSHW\DQ:1DUVLVLDQ96DKDN\DQ<X
6KRXNRXULDQ * 1HDJX $ 6WDQFLX (QYLURQPHQWDO 6FLHQFH
)HGHUDWHG &ORXG 3ODWIRUP LQ WKH %6(& 5HJLRQ ,QWHUQDWLRQDO
-RXUQDORI6FLHQWLILF	(QJLQHHULQJ5HVHDUFKYROQRSS
-DQXDU\
>@ +UDFK\D $VWVDWU\DQ 9ODGLPLU 6DKDN\DQ <XUL 6KRXNRXU\DQ




>@ + $VWVDWU\DQ 7 *HYRUJ\DQ $ 6KDKLQ\DQ :HE 3RUWDO IRU
3KRWRQLF 7HFKQRORJLHV 8VLQJ *ULG ,QIUDVWUXFWXUHV -RXUQDO RI
6RIWZDUH(QJLQHHULQJDQG$SSOLFDWLRQVYROQRSS

>@ +UDFK\D $VWVDWU\DQ :DKL 1DUVLVLDQ $QGUDQLN +D\UDSHW\DQ
$OEHUW 6DULEHN\DQ 6KXVKDQLN $VPDU\DQ 9DKDJQ 0XUDG\DQ




>@ +UDFK\D $VWVDWU\DQ $QGUDQLN +D\UDSHW\DQ :DKL 1DUVLVLDQ
6KXVKDQLN $VPDU\DQ 9DKDJQ 0XUDG\DQ <DQLVV *XLJR]
*UHJRU\*LXOLDQL1LFRODV5D\ $Q ,QWHURSHUDEOH&ORXGEDVHG
6FLHQWLILF *DWHZD\ IRU 1'9, 7LPH 6HULHV $QDO\VLV (OVHYLHU
&RPSXWHU 6WDQGDUGV ?	 ,QWHUIDFHV  GRL
MFVL
>@ $ 3RJKRV\DQ / $UVHQ\DQ $ 6KDKLQ\DQ 0ROHFXODU






>@ 7 .KRWVDQ\DQ HW DO  ,PSOHPHQWLQJ DQG HYDOXDWLQJ WKH
ZHDWKHU UHVHDUFK DQG IRUHFDVW PRGHO IRU WKH WHUULWRU\ RI
$UPHQLDLQ3URF&6,7<HUHYDQ$UPHQLDSS
>@ +9 $EUDKDP\DQ $0 0LFNDHOLDQ $9 .Q\D]\DQ 7KH
,5$6 36&)6& &RPELQHG &DWDORJXH $VWURQRP\ DQG
&RPSXWLQJ$VWURQRP\DQG&RPSXWLQJ
>@ 9 6 3RJKRV\DQ 6 < *ULJRUHY 9 % 3ULH]]KHY 3 5XHOOH
/RJDULWKPLF WZRSRLQW FRUUHODWRUV LQ WKH $EHOLDQ VDQGSLOH
PRGHO -RXUQDO RI 6WDWLVWLFDO 0HFKDQLFV 7KHRU\ DQG
([SHULPHQWYRO-XO\

